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Abstract:
Chemerin is a novel adipokine, suggested to be involved in insulin resistance in obesity
and type 2 diabetes and may be an attractive candidate for assessing risk of atherosclerotic
cardiovascular disease.
The aim of this study was to examine the role of chemerin as a new marker in newly
diagnosed type 2 diabetes mellitus accompanied with obesity and study the effect of age and
gender in chemerin concentration.
This study included 53 (24 male and 29 female) newly diagnosed type 2 diabetic
patients who visited the National Diabetic Center, University of AL-Mustansiriyah. Those
cases were referred to the Center during the period from November 2013 until the end of
August 2014. They were subdivided according to body mass index; their age range was (3852), and (35) healthy subjects were selected as a control group; they were well matched age
with patients group.
There was a significant increase in waist, waist/hip ratio, body mass index, fasting
blood sugar, glycated hemoglobin, total cholesterol, triglycerides, low density lipoprotein
cholesterol, C-peptide, homeostasis model assessment for insulin resistance 2, and chemerin
levels in newly diagnosed diabetic patients as compared to the control, (P=0.0001).
The results appear there was a significant decrease in high density lipoprotein
cholesterol. A significant difference was found in serum chemerin levels among lean,
overweight, and obese of newly diagnosed type 2 diabetic patients, (P=0.01).There was a
significant positive correlation between serum chemerin versus fasting blood sugar, glycated
hemoglobin, lipid profile except high density lipoprotein cholesterol, C-peptide, and
homeostasis model assessment for insulin resistance 2, while there was a significant negative
correlation between high density lipoprotein cholesterol and chemerin, (P<0.05).
It can be concluded that high levels of serum chemerin found in newly diagnosed type
2 diabetic patients suggest that chemerin may play an important role in the pathogenesis of
insulin resistance and type 2 diabetes mellitus.
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اﻟﻜﻤﯿﺮﯾﻦ ﻛﺪﻻﻟﺔ ﺟﺪﯾﺪة ﻟﺪى اﻟﻤﺮﺿﻰ اﻟﻌﺮاﻗﯿﯿﻦ اﻟﻤﺼﺎﺑﯿﻦ ﺑﺪاء اﻟﺴﻜﺮي اﻟﻨﻮع اﻟﺜﺎﻧﻲ
ً واﻟﻤﺸﺨﺼﯿﻦ ﺣﺪﯾﺜﺎ
** ﻧﻮر ﺛﺎﺋﺮ طﺎھﺮ،*ھﻨﺪ ﺷﺎﻛﺮ أﺣﻤﺪ
. ﺟﺎﻣﻌﺔ ﺑﻐﺪاد، ﻛﻠﯿﺔ اﻟﺘﺮﺑﯿﺔ ﻟﻠﻌﻠﻮم اﻟﺼﺮﻓﺔ،* ﻗﺴﻢ اﻟﻜﯿﻤﯿﺎء
. اﻟﺠﺎﻣﻌﺔ اﻟﻤﺴﺘﻨﺼﺮﯾﺔ،**اﻟﻤﺮﻛﺰ اﻟﻮطﻨﻲ ﻟﻠﺴﻜﺮي

:اﻟﺨﻼﺻﺔ

 وأﻗﺘﺮح أن ﯾﺘﻀﻤﻦ ﻓﻲ ﻣﻘﺎوﻣﺔ اﻻﻧﺴﻮﻟﯿﻦ ﻓﻲ اﻟﺴﻤﻨﺔ وﻣﺮض اﻟﺴﻜﺮي ﻣﻦ اﻟﻨﻮع،اﻟﻜﯿﻤﺮﯾﻦ ھﻮ أدﯾﺒﻮﻛﺎﯾﻦ ﺣﺪﯾﺚ
.اﻟﺜﺎﻧﻲ ورﺑﻤﺎ ﯾﺴﺘﻌﻤﻞ ﻟﺘﻘﯿﯿﻢ ﻣﺨﺎطﺮ اﻹﺻﺎﺑﺔ ﺑﺄﻣﺮاض ﺗﺼﻠﺐ اﻟﺸﺮاﯾﯿﻦ اﻟﻘﻠﺐ واﻷوﻋﯿﺔ اﻟﺪﻣﻮﯾﺔ
اﻟﮭﺪف ﻣﻦ ھﺬا اﻟﺒﺤﺚ ھﻮ دراﺳﺔ دور اﻟﻜﯿﻤﺮﯾﻦ ﻛﺪﻻﻟﺔ ﺟﺪﯾﺪة ﻟﺪى ﻣﺮﺿﻰ اﻟﺴﻜﺮي ﻣﻦ اﻟﻨﻮع اﻟﺜﺎﻧﻲ اﻟﻤﺸﺨﺼﯿﻦ
.ﺣﺪﯾﺜﺎً واﻟﺬﯾﻦ ﯾﻌﺎﻧﻮن ﻣﻦ اﻟﺒﺪاﻧﺔ ودراﺳﺔ ﺗﺄﺛﯿﺮ اﻟﻌﻤﺮ واﻟﺠﻨﺲ ﻋﻠﻰ ﺗﺮﻛﯿﺰ اﻟﻜﯿﻤﺮﯾﻦ
 أﻧﺎث( ﻣﻦ اﻟﻤﺼﺎﺑﯿﻦ ﺣﺪﯾﺜﺎً ﺑﺎﻟﻨﻮع اﻟﺜﺎﻧﻲ ﻣﻦ ﻣﺮض اﻟﺴﻜﺮي29  ذﻛﻮر و24) ً ﺷﺨﺼﺎ53 ﺗﻀﻤﻨﺖ ھﺬه اﻟﺪراﺳﺔ
،2014  ﺣﺘﻰ ﻧﮭﺎﯾﺔ اب2013  اﻟﺠﺎﻣﻌﺔ اﻟﻤﺴﺘﻨﺼﺮﯾﺔ ﺧﻼل اﻟﻔﺘﺮة ﻣﻦ ﺗﺸﺮﯾﻦ اﻟﺜﺎﻧﻲ/اﻟﺬﯾﻦ راﺟﻌﻮا اﻟﻤﺮﻛﺰ اﻟﻮطﻨﻲ ﻟﻠﺴﻜﺮي
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ً( ﺷﺨﺼﺎً ﺳﻠﯿﻤﺎ35)  وﻗﺪ ﺗﻢ اﺧﺘﯿﺎر،( ﺳﻨﺔ52-38)  وﻛﺎن ﻣﻌﺪل أﻋﻤﺎرھﻢ ﺑﯿﻦ،وﻗﺪ ﺗﻢ ﺗﻘﺴﯿﻤﮭﻢ وﻓﻘﺎ ﻟﻤﺆﺷﺮ ﻛﺘﻠﺔ اﻟﺠﺴﻢ
.ﻛﻤﺠﻤﻮﻋﺔ ﺳﯿﻄﺮة وﺗﻢ ﺿﺒﻂ اﻟﻌﻤﺮ ﻣﻊ ﻣﺠﻤﻮﻋﮫ اﻟﻤﺮﺿﻰ
، اﻟﻜﯿﻤﯿﺮﯾﻦ، ﻣﺆﺷﺮ ﻛﺘﻠﺔ اﻟﺠﺴﻢ،اﻟﻮرك/ ﻣﺤﯿﻂ اﻟﺨﺼﺮ،أظﮭﺮت اﻟﻨﺘﺎﺋﺞ أن ھﻨﺎك زﯾﺎدة ﻣﻌﻨﻮﯾﺔ ﻓﻲ ﻣﺤﯿﻂ اﻟﺨﺼﺮ
،C - اﻟﺒﺒﺘﯿﺪ، اﻟﺒﺮوﺗﯿﻦ اﻟﺪھﻨﻲ ﻗﻠﯿﻞ اﻟﻜﺜﺎﻓﺔ، اﻟﺪھﻮن ﺛﻼﺛﯿﺔ اﻟﻜﻠﯿﺴﯿﺮاﯾﺪ، اﻟﺪھﻮن اﻟﻜﻠﯿﺔ، اﻟﮭﯿﻤﻮﻛﻠﻮﺑﯿﻦ اﻟﺴﻜﺮي،اﻟﺴﻜﺮ ﻓﻲ اﻟﺪم
ً واﻟﻜﯿﻤﺮﯾﻦ ﻟﺪى ﻣﺮﺿﻰ اﻟﺴﻜﺮي ﻣﻦ اﻟﻨﻮع اﻟﺜﺎﻧﻲ واﻟﻤﺸﺨﺼﯿﻦ ﺣﺪﯾﺜﺎ،(HOMA 2) ﻣﻘﺎوﻣﺔ اﻻﻧﺴﻮﻟﯿﻦ ﺣﺴﺐ طﺮﯾﻘﺔ
 ﻛﺎﻧﺖ ھﻨﺎك اﺧﺘﻼﻓﺎت ﻣﻌﻨﻮﯾﺔ ﻓﻲ ﻣﺴﺘﻮﯾﺎت اﻟﻜﯿﻤﺮﯾﻦ ﻓﻲ اﻟﻤﺼﻞ ﺑﯿﻦ، أﯾﻀﺎ.(P= 0.0001) ،ﺑﺎﻟﻤﻘﺎرﻧﺔ ﻣﻊ اﻟﺴﯿﻄﺮة
 ﻛﺎﻧﺖ ھﻨﺎك ﻋﻼﻗﺔ إﯾﺠﺎﺑﯿﺔ ذات دﻻﻟﺔ.(P= 0.01) ، واﻟﺬﯾﻦ ﯾﻌﺎﻧﻮن ﻣﻦ اﻟﺴﻤﻨﺔ اﻟﻤﻔﺮطﺔ، اﻟﺒﺪﻧﺎء،اﻷﺷﺨﺎص اﻟﻨﺤﯿﻔﯿﻦ
 وﻣﺴﺘﻮى اﻟﺪھﻮن ﻓﻲ اﻟﺪم ﺑﺎﺳﺘﺜﻨﺎء اﻟﺒﺮوﺗﯿﻦ، اﻟﮭﯿﻤﻮﻏﻠﻮﺑﯿﻦ اﻟﺴﻜﺮي،إﺣﺼﺎﺋﯿﺔ ﺑﯿﻦ اﻟﻜﯿﻤﺮﯾﻦ ﻓﻲ اﻟﻤﺼﻞ ﻣﻘﺎﺑﻞ اﻟﺴﻜﺮ ﻓﻲ اﻟﺪم
( ﺑﯿﻨﻤﺎ ﻛﺎﻧﺖ ھﻨﺎﻟﻚ ﻋﻼﻗﺔ ﺳﻠﺒﯿﺔ ﻣﻌﻨﻮﯾﺔ ﺑﯿﻦHOMA 2)  وﻣﻘﺎوﻣﺔ اﻻﻧﺴﻮﻟﯿﻦ ﺣﺴﺐ طﺮﯾﻘﺔ،C - اﻟﺒﺒﺘﯿﺪ،اﻟﺪھﻨﻲ ﻋﺎﻟﻲ اﻟﻜﺜﺎﻓﺔ
.(P<0.05) ،اﻟﺒﺮوﺗﯿﻦ اﻟﺪھﻨﻲ ﻋﺎﻟﻲ اﻟﻜﺜﺎﻓﺔ واﻟﻜﯿﻤﺮﯾﻦ
ﯾﻤﻜﻦ اﻻﺳﺘﻨﺘﺎج أن ارﺗﻔﺎع ﻣﺴﺘﻮﯾﺎت اﻟﻜﯿﻤﺮﯾﻦ اﻟﺘﻲ وﺟﺪت ﻓﻲ ﻣﺼﻞ ﻣﺮﺿﻰ اﻟﺴﻜﺮي ﻣﻦ اﻟﻨﻮع اﻟﺜﺎﻧﻲ
.واﻟﻤﺸﺨﺼﯿﻦ ﺣﺪﯾﺜﺎ ﻣﻤﻜﻦ أن ﺗﻠﻌﺐ دوراً ھﺎﻣﺎً ﻓﻲ ﺗﻄﻮر ﻣﻘﺎوﻣﺔ اﻷﻧﺴﻮﻟﯿﻦ وﻣﺮض اﻟﺴﻜﺮي ﻣﻦ اﻟﻨﻮع اﻟﺜﺎﻧﻲ
. ﻣﻘﺎوﻣﺔ اﻻﻧﺴﻮﻟﯿﻦ، اﻟﺴﻤﻨﺔ، ﻣﺮض اﻟﺴﻜﺮي ﻣﻦ اﻟﻨﻮع اﻟﺜﺎﻧﻲ، اﻟﻜﯿﻤﺮﯾﻦ:ﻛﻠﻤﺎت ﻣﻔﺘﺎﺣﯿﺔ
Chemerin
peptides are
short
peptides (on the order of 9 amino acids)
that are produced from the carboxyl
terminal of the chemokine chemerin. A
particular synthetic chemerin-derived
peptide, termed C15 which was found to
promote phagocytosis and efferocytosis in
peritoneal macrophages at picomolar
concentrations. C15 enhanced macrophage
clearance of microbial particles and
apoptotic cells [7].
Chemerin is an agonist of the
orphan G-protein coupled receptor
chemokine-like receptor 1 (CMKLR1,
ChemR23)[8]. Chemerin and its receptor/
ChemR23 are expressed abundantly in
adipose tissue, suggesting its function in
autocrine/ paracrine fashion [9]. Recently,
chemerin is a retinoic acid receptor
responder 2, tazarotene- induced gene 2. It
is secreted as an 18 kDa inactive proprotein and undergoes extracellular serine
protease cleavage of the C-terminal portion
of the protein to generate the 16 kDa active
chemerin which is present in plasma and
serum, and N-terminal cleavage before it
is secreted as an inactive precursor protein,
pro-chemerin [10]. These findings showed
that chemerin has multiple cleavage sites
in the C-terminal domain. In order to reach
its maximal anti-inflammatory effects,
bioactivity of chemerin is dependently
regulated by proteolytic cleavage in the
C-terminal region [11].
It may connect obesity and inflamemation since chemerin is a proinflam-

Introduction:
Diabetes mellitus (DM) is one of
the most common chronic diseases in
nearly all countries, and continues to
increase in numbers and significance, as
altering lifestyles lead to reduced physical
activity, and increased obesity [1].
The impairment of glucose
metabolism has been connected with
a complex group of risk factors that
contribute to increase insulin resistance
(IR) with aging. Obesity, and falling levels
of physical activity are vital contributors to
the rise of DM worldwide [2].
Dysregulation of pro inflammatory
and anti inflammatory adipokines secretion
in obesity may supply as a pathogenic link
between obesity, IR and cardiovascular
diseases [3].
Chemerin is a dipokine recognized
recently, which may participates in the
regulation of adipocyte formation and
differentiation as well as the regulation of
insulin signaling pathway, and may play an
important role in IR and glycolmetabolism[4]. Serum chemerin concentrations
are elevated in obese, IR, and inflamematory states in vivo and suggested to be
an obvious cause of IR [5].
Several groups have recently,
reported that chemerin is an adipokine that
enhances insulin-dependent glucose uptake
in adipocytes in vitro, suggesting the
involvement of chemerin in glucose
homeostasis [6].
7
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matory cytokine that recruits and activates
immune cells and contributes to
inflammation by promoting macrophage
adhesion to vascular cell adhesion
molecule-1 (VCAM-1) and fibronectin [12].
The present study aimed to
investigate the role of chemerin as a new
marker in the pathogenesis of newly
diagnosed type 2 DM accompanied with
obesity depending on body mass index and
study the effect of age and gender in
chemerin concentration.

tography for the automatic and accurate
separation of glycated hemoglobin
(HbA1c) [15].
C-Peptide was determined by immuneradiometric assay (IRMA) method[16].
Homeostasis model assessment for insulin
resistance 2 (HOMA2-IR) was calculated
using HOMA 2 calculator software
downloaded freely.
Total cholesterol (TC), triacylglycerol
(TAG), and high density lipoprotein
cholesterol (HDL-C) were determined by
enzymatic colorimetric method [17,18,19].
Low density lipoprotein cholesterol was
estimated by the equation of Friedewald et
al. [20].
Chemerin was determined by a solid phase
enzyme linked immunosorbent assay
(ELISA) method using (CUSABIO kitCSP-E10398h) [21].

Materials and Methods:
This study included 53 (24 male
and 29 female) newly diagnosed type 2
diabetic patients who visited the National
Diabetic Center, AL- Mustansiriyah
University. Those cases were referred to
the Center during the period from
November 2013 until the end of August
2014. They were subdivided according to
BMI into 22 lean (BMI < 25 kg/m2), 17
overweight (BMI 25-29 kg/m2), and 14
obese (BMI ≥ 30 kg/m2). Their age range
was (38-52) years. Complete clinical
examination was done for all patients to
exclude any diabetic complications such as
neurologic, cardiac, kidney and eye
complications, and (35) healthy subjects
were selected as a control group; they were
well matched age with patients group. A
sample of 10 milliliters venous blood was
collected from each subject after an
overnight fasting.
Measurements:
Weight and height were measured
for each subject then the body mass index
(BMI) was calculated by dividing weight
(kg) by height (in meters). Waist and hip
was measured for every patients and
control according to world health
organization (WHO) protocol [13].
The serum samples were used to
estimate the following parameters:
Glucose was determined, by using the
enzymatic colorimetric method [14]. The
Bio-Rad VARIANT hemoglobin A1C
program utilizes principles of ionexchange high-performance liquid chroma-

Statistical Analysis:
Statistical package of social science
(SPSS) version 9.0 was used. Data was
summarized as mean ± SD. T test was used
for analysis of data. Statistical significance
was set at P<0.05.

Results:
Characteristics of newly diagnosed
DM group and the control group were
summarized in table-1. There was a
significant increase in waist, waist/hip
(W/H) ratio, FBS, HbA1c, TC, TAG,
LDL-C, VLDL, C-peptide, HOMA 2-IR,
and chemerin in newly diagnosed DM
group as compared to the control group,
while there was a significant decrease in
HDL-C in chemerin in newly diagnosed
DM as compared to the control group.
Table-2 showed the effect of BMI
on chemerin levels in newly diagnosed
DM group. There was a significant
increase in serum chemerin in newly
diagnosed DM patients who were obese as
compared to lean and overweight groups,
(P=0.01).
Table-3 showed a significant
positive correlation between serum
8

AJPS, 2015, Vol. 15, No.1
Date of acceptance: 15-12-2014
chemerin versus W/H ratio, FBS, HbA1c,
TC, TAG, LDL-C, VLDL,C-peptide, and
HOMA2-IR in newly diagnosed DM
group, while a negative correlation was
found between chemerin and HDL-C in
newly diagnosed DM group.

Figure-1 demonstrated distribution
of chemerin concentration according to age
in newly diagnosed DM patients.
Figure-2 explained comparison of
chemerin concentration between male and
female in newly diagnosed DM patients.

Table-1: Characteristics of newly diagnosed diabetes mellitus group and the control
group.
Parameter
Newly Diagnosed DM
Control
P Value
(n=53)
(n=35)
Waist (Cm)
Hip (Cm)
W/H ratio
BMI (Kg/m2)
FBS (mg/dl)
HbA1c (%)
TC (mg/dl)
TAG (mg/dl)
HDL-C (mg/dl)
LDL-C (mg/dl)
VLDL (mg/dl)
C-Peptide
(ngm/ml)
HOMA 2-IR
Chemerin (µg/l)

92.35 ± 1.52
103.66 ± 1.29
0.89 ± 0.01
27.07 ± 3.44
135.01 ± 6.93
7.99 ± 0.18
189.83 ± 5.56
154.13 ± 11.77
47.13 ± 1.27
111.28 ± 4.69
31.41 ± 2.49
3.57 ± 0.14

74.80 ± 1.38
103.02 ± 1.55
0.73 ± 0.01
25.98 ± 3.44
90.48 ± 6.93
4.84 ± 0.05
150.22 ± 1.93
105.28 ± 3.18
57.68 ± 0.94
71.91 ± 2.03
20.62 ± 0.61
1.82 ± 0.05

0. 0001***
0.756 NS
0. 0001***
0.50 NS
0. 0001***
0. 0001***
0. 0001***
0. 0001***
0. 0001***
0. 0001***
0. 0001***
0. 0001***

3.60 ± 0.18
125.91 ± 9.8

1.39 ± 0.04
65.66 ± 1.12

0. 0001***
0. 0001***

NS: not significant
Table-2: Effect of BMI in chemerin in newly diagnosed diabetes mellitus group.
BMI (Mean ± SD)

Chemerin (µg/l)

Lean
(n=22)
67.35 ± 3.00

Overweight
(n=17)
91.00 ± 10.57

P Value
Obese
(n=14)
225.00 ± 24.92

0.01**

Table-3: The correlations between serum chemerin and other parameters in newly
diagnosed diabetes mellitus group.
Chemerin
W/H
ratio
FBS
HbA1C
TC
TAG

Correlation coefficient
(r)
0.380*

Chemerin
HDL-C

Correlation
coefficient (r)
-0.389*

0.292*
0.482*
0.465*
0.530*

LDL-C
VLDL
C-Peptide
HOMA 2-IR

0.296*
0.530*
0.472*
0.390*

*P<0.05
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Figure-1: Distribution of chemerin concentration according to age in newly diagnosed
diabetes mellitus group.

Figure-2: Comparison of chemerin concentration between male and female in newly
diagnosed diabetes mellitus group.
atherosclerosis, hypertension, and coronary
artery disease are associated with
dysregulated adipokines expression [24].
The results of the present study
revealed that the waist, waist/hip ratio,
FBS, TC, TAG, LDL-C, C-peptide,
HOMA 2-IR, and serum chemerin levels
were significantly higher in newly
diagnosed type 2 DM patients when
compared to the control group, which is in
agreement with the previous study [25].
Serum chemerin concentrations are
elevated in obese, insulin-resistant, and
inflammatory states in vivo and
recommended to be an evident cause of IR
in obesity [26].
There was a significant difference
in chemerin concentrations according to
BMI among lean, overweight, and obese
patients. However, studies including the
current investigation, have consistently
reported that the serum chemerin levels are
positively interconnected with BMI,

Discussion:
Diabetes is an essential health
problem since the incidence of it is
continuously increasing. Early diagnosis is
important as type 2 diabetes begins long
before it is diagnosed, leading to a
complicated course of the disease, in order
to avoid delay in the diagnosis of type 2
diabetes, new predictors and pathways for
type 2 diabetes are mounting. Adipocytokines such as chemerin may play
important roles in the pathogenesis of DM
and IR [22].
However, the relationship between
chemerin levels and IR remains
controversial, whether the high levels of
chemerin is the outcome of IR or an
attributed factor for IR. It has shown that
hyperinsulinmia associated with IR could
up-regulate chemerin expression in adipose
tissue [23].
Obesity-associated disorders including metabolic syndrome, diabetes,
10
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patients, figure (2). Lehrk et al. [36] found
that serum chemerin levels in female were
elevated more than in male, which is in
agreement with the results of this study;
these differences may be due to the
differences in hormonal changes.

suggesting that the amount of adipose
tissue is a main regulator of the serum
chemerin levels. Morbidly obese patients
were integrated in the earlier studies,
particularly in the type 2 DM groups, and
the findings suggest that this condition
might pretense the effect of type 2 DM on
chemerin because of the strong effect of
obesity on serum chemerin levels [27, 28].
A recent study by Johanna et al. in
2010 reported that chemerin levels
associated with BMI and waist-to-hip
ratio[29].
In the present data, serum chemerin
correlated positively with each of FBS,
HbA1c, TC, TAG, LDL-C, C-peptide, and
HOMA 2-IR in newly diagnosed type 2
DM patients. While, there was a significant
negative correlation between chemerin and
HDL-C. These findings are in agreement
with many reports[30,31, 32]. Homeostasis
model assessment for insulin resistance 2
remained positively associated with
chemerin levels. Thus, the present results
can confidently conclude that chemerin
levels may influence glucose homeostasis
and therefore may lead to the development
of IR [33]. It is potential that in obesity,
elevated levels of chemerin predominantly
induce IR in muscle and even if chemerin
stimulates β-cell function and suppresses
gluconeogenesis in the liver, the net
glucose tolerance may be deteriorated. It
has been reported that serum chemerin
levels were associated with IR in mice and
humans, which supports this hypothesis[34].
As referred, aging is known to be
connected with increasing IR, weight, and
adiposity gain. According to present data,
aging in newly diagnosed DM patients is
associated with an altered adipokine
secretion, as shown by the means
differences,
figure-1.
Bozaoglu et
al. [35] found that chemerin levels increased
with age and that there appears to be no
diurnal variation in chemerin levels.
The present results showed that
there was a significant difference in
chemerin concentrations between male and
female in newly diagnosed type 2 DM

Conclusions:
Significant associations between
serum chemerin levels and various
parameters of the IR were observed in
newly diagnosed type 2 DM. These
findings suggest that chemerin may
provide an interesting screening or
diagnostic tool for DM, obesity and its
complications in humans.
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